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PARTI | TSP PLANNING AND IMPLEMENTATION

Introduction

Our streets and highways are getting more congested as the population grows and more cars
enter the transportation system. It is in the best interest of all to improve public transit service
so that more travelers will utilize transit freeing up space on our streets, diminishing our depend-
ence on fossil fuels, and improving air quality.

Transit Signal Priority (TSP) is a tool that can be used to help make transit service more reliable,
faster, and more cost effective. TSP has little impact on general traffic and is an inexpensive way
to make transit more competitive with the automobile. It is used extensively in other parts of
the world, and is rapidly becoming more popular in the United States.

The U.S. Department of Transportation (U.S. DOT) has made it easier to choose TSP by financing
workshops and documents to educate traffic engineers and transit planners on TSP implementa-
tion. This handbook is one of a series of documents created for that purpose. The first, entitled
Overview of Transit Signal Priority, was a multi-year effort and was written entirely by volunteers
under the leadership of ITS America. The volunteer authors included one traffic engineer and
one transit planner for each chapter. Because it was co-authored by transit and traffic engineers,
it was a ground-breaking effort that represented a new level of cooperation and consensus con-
cerning the benefits of implementing TSP

Capitalizing on the momentum created by the document, U.S. DOT financed a series of work-
shops to identify further research and educational needs and to reach out to the transportation
community. Practitioners shared their experiences and worked with workshop participants to
answer questions and build action plans for the participants’ own communities.

The Overview of Transit Signal Priority was updated and expanded with information gathered
from the workshops. The revised Overview of Transit Signal Priority was published in 2004 and
is available on the ITS America Web site at http://www.itsa.org/tsp.html.

This handbook goes deeper into TSP and provides technical guidance. It does not repeat every-
thing in the overview and is meant to be a companion document. The overview is a high-level
document that explains what TSP is, why it is important, what the benefits are, and the impor-
tant issues surrounding the topic. The handbook contains the steps one should follow to imple-
ment a successful TSP project. It relies heavily on eight case studies in which a great deal of
information was gathered on topics related to planning, design, implementation, evaluation,
technology, institutional issues, public reaction, and much more.

TSP projects are often complex enough to require professional engineering assistance. This
handbook will help the public sector project manager provide better oversight. It explains a sys-
tems engineering approach with a logical sequence of steps that should be followed. It edu-
cates the reader on the inestimable benefits of working closely with stakeholders from day one
to avoid problems later on. It equips the reader with vocabulary to communicate with both the
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transit and the traffic community. The handbook is a tool to help you navigate through a TSP proj-
ect. Refer to it often. It is hoped that you will find in it the information you need to move you
and your region toward TSP implementation.

Objectives
This handbook, prepared for the U.S. DOT, has four objectives:

* To outline a comprehensive process for planning and implementing TSP based on a systems
engineering approach, that identifies many of the issues that may need to be addressed in a
TSP project

* To provide more extensive information on the current state of the practice of TSP in North
America

* To document a number of case studies of communities that have implemented TSP in order
to highlight the variety of issues that arise and solutions that have been developed

* To provide a number of resources to those interested in TSP, including primers on traffic con-
trol equipment and systems, on key concepts (e.g. simulation and optimization), as well as
on traffic engineering and transit terminology, to assist transit planners and traffic engineers
in understanding one another

Background on Transit Signal Priority (TSP)

TSP is an operational strategy that facilitates the movement of transit vehicles (usually those in-
service), either buses or streetcars, through traffic-signal controlled intersections. Objectives of
TSP include improved schedule adherence and improved transit travel time efficiency while mini-
mizing impacts to normal traffic operations.

Examples of measured benefits:

* In Tacoma, Washington the combination of TSP and signal optimization reduced transit signal
delay about 40% in two corridors.

* TriMet (Portland, Oregon) was able to avoid adding one more bus by using TSP and experi-
enced a 10% improvement in travel time and up to a 19% reduction in travel time variability.
Due to increased reliability, TriMet has been able to reduce scheduled recovery time.

* In Chicago, PACE buses realized an average of 15% reduction (three minutes) in running
time. Actual running time reductions varied from 7% to 20% depending on the time of day.

* With the implementation of TSP and through more efficient run cutting, Pace (Chicago) was
able to realize a savings of one weekday bus while maintaining the same frequency of service.

* Los Angeles experienced up to 25% reduction in bus travel times with TSP

TSP is made up of four components. There is (1) a detection system that lets the TSP system
know where the vehicle requesting signal priority is located. The detection system communi-
cates with a (2) priority request generator that alerts the traffic control system that the vehicle
would like to receive priority. There is software that processes the request and decides whether
and how to grant priority based on the programmed (3) priority control strategies. And there is
software that (4) manages the system, collects data, and generates reports.

There are a variety of technical approaches that can be used as control strategies. This hand-
book provides information on the control strategies.

viii % Transit Signal Priority Handbook



A Systems Engineering Approach to TSP

This handbook encourages a systems engineering approach to implementing TSP The steps
include:

* Planning

* Design

* Implementation

* Operations and Maintenance

% Evaluation, Verification, Validation and Building on TSP
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This is a logical approach that is essential for a successful engineering project. The process
should proceed from plan to design and address operations and maintenance issues as part of
the implementation. Evaluation helps to monitor results against objectives, and to subsequently
refine the system. However, in complex projects is it easy to get lost in details and forget
essential steps. Forgetting steps leads to cost overruns, miscommunications, and failed proj-
ects. Project managers who follow and communicate a clear systems engineering approach can
stay on target and avoid unpleasant surprises. Each of the steps is discussed in the handbook.

Planning

TSP planning does not happen in a vacuum. TSP should be a response to a problem (such as
buses experiencing delay at traffic signals) and should be consistent with regional and corporate
goals (such as increased mobility). ATSP project is often the first opportunity to form a good
working relationship between transit and traffic staff. It requires support from the traffic engi-
neering office and the transit agency. One of the most important elements of the planning
process is early identification and involvement of stakeholders. Stakeholders (internal and exter-
nal to the transit agency) can provide support or create road-blocks. Good management will
help lead to support.

During the planning process the stakeholders will identify project goals, and create a Concept of
Operations (ConOps) which will help all partners understand and agree on what TSP will be able
to do and how it should function.

Design

Project design will begin after a thorough planning process and will continue to involve stake-
holders. The design will begin with data collection and will include a detailed design and engi-
neering of each intersection and related road-side equipment; design and engineering of on-
board equipment; optimization and preparation of signal timing plans; and perhaps modeling.

Implementation

Procurement is the first step of TSP project implementation. Most TSP procurements are handled
through the RFP process. This handbook outlines a long list of elements that should be included in
the RFP After the vendors respond to the RFP and a selection is made, installation begins.
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Installation

Installation involves managerial and technical staffs in various departments of the traffic engi-
neering agency and the transit agency. A high level of cooperation is needed because most
people are understandably uneasy about allowing others access to equipment for which they are
responsible. If good relationships have been built among stakeholders through the planning
process, equipment installation will go more smoothly. After equipment is tested and validated
the system wiill be ready to "go live."

Operations and Maintenance

Most practitioners have found that operations and maintenance (O&M) of TSP has not been bur-
densome. Signal technicians add the on-street TSP technology to their maintenance program and
the bus maintenance personnel add the on-vehicle equipment to their normal O&M. However, it
is important that all impacted organizations have written agreements on who maintains (and
upgrades) what equipment and software.

Lessons Learned from Practitioners
* Early stakeholder involvement is critical.
* Good communication among the stakeholders is important.
* One or more champions are needed to move the project forward.
* Demonstrations and pilot projects help test the TSP and build trust for full implemen
tations.
* Good before and after studies can produce convincing evidence of benefits.
* Pitching the right ideas from the beginning can help ensure success.
* Interjurisdictional partnerships will help with coordination and implementation.
* |t is important to keep the momentum going even when problems surface.
* Standardizing equipment will save time and money in the long run.
* Keep the project simple _ especially in the beginning.
* |t helps to remember to keep TSP objectives simple and build incrementally.

PART IT | STATE OF THE PRACTICE

A survey was conducted of TSP systems in North America with 24 agencies responding to full
interviews. The interviews consisted of a standard questionnaire regarding the physical and
operational characteristics of the transit route; the technical details of the traffic signal con-
trollers, TSP software and vehicle detection systems; and other questions about the general
details of the deployments (year deployed, number of signalized intersections, etc.).

The survey of the remaining 24 agencies demonstrates a wide variety of TSP applications.
Several of the agencies indicated the use of very sophisticated TSP applications with advanced
TSP hardware and software that utilize more sophisticated TSP strategies. At the same time,
there are other agencies that are using TSPl in targeted applications. Additionally, three agencies
reported the use of traffic signal pre-emption (rather than priority) strategies with their Light Rail
Transit (LRT) and bus systems. Several agencies reported one or more routes/corridors with TSP
systems currently in the deployment process that are not yet operational. The findings along with
technical information about hardware and software are detailed in this document.

1 Preemption requires terminating normal traffic control to provide the service needs of a special task such as a fire truck or railroad crossing.
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Eight in-depth case studies were conducted in systems around North America. The systems
ranged in size, application, and geographic location. Size varied from 15 to 654 intersections and
from 12 to 1,400 buses. Some systems were centralized, some decentralized, and some distrib-
uted. Various methods were used for detection and communications. Two are integrated with AVL
and five have some integration with Emergency Pre-emption. Costs for implementation and O&M
varied and benefits were noted. All stated that the non-priority street impact was negligible.
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This section includes a wide range of technical information to assist transit and traffic agency

PART III | TECHNICAL SUPPORT

staff planning TSP including information about: TSP system architecture; traffic signal control
equipment and software; and detection systems; communications systems.

Sections on traffic engineering terminology and key concepts are designed to help the transit
planner understand and communicate better with traffic engineers. And a section on transit ter-
minology is designed to help the traffic engineer communicate better with the transit planner.

Simulation and Optimization Tools for TSP

Some practitioners are strong proponents of using computer simulation to study and understand
TSP before implementing it in the field. All agree that TSP works best when signal timing is
optimized. One of the primary problems with the existing signal timing models is that they are
designed solely for vehicular traffic rather than transit, pedestrians or freight. The implementa-
tion of TSP is an additional level of complexity that requires additional understanding of the sig-
nal controller’s logic and even modification in some cases. Traffic simulation models provide an
opportunity to assess the impact of transit signal priority. This document gives the reader a brief
overview of these tools.

APPENDICES

In the appendices the reader will find a list of resources; a glossary; a full reporting of the eight
case studies, and the detailed TSP survey forms.
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TSP Planning & Implementation

1 INTRODUCTION

Objectives

Transit Signal Priority (TSP) gives transit vehicles a lit-
tle extra green time or a little less red time at traffic
signals to reduce the time they are slowed down by
traffic signals. It is a cost-effective method to
enhance regional mobility by improving transit travel
times and reliability, thereby increasing the attractive-
ness of transit as an alternative to single-occupant vehi-
cle travel. Its use is common in Europe, and is rapidly
growing across North America. The growing interest in
TSP led to the publishing of a document entitled, An
Overview of Transit Signal Priority, which was a joint
effort of the Advanced Traffic Management Systems
Committee and the Advanced Public Transportation
Systems Committee of the Intelligent Transportation
Society of America (ITS America). Through the spon-
sorship of the U.S. Department of Transportation’s Joint
Program Office and Federal Transit Administration, dis-
semination concerning TSP was enhanced through the
organization of several regional workshops and the
updating of the overview document.

An Overview of Transit Signal Priority, available at
http://www.itsa.org/tsp.html, provides a high-level
introductory guide to implementing TSP and is a
companion document to this handbook. While the
overview does not have all the information one
would need before embarking on a TSP project, it
enables the reader to establish a basis of relevant
knowledge and raises an awareness of many of the
issues surrounding TSP planning, implementation
and operation. It is intended as a first step for poli-
cymakers, managers, and technical staff with an
interest in TSP

Discussions among experts and interested parties
identified a pressing need to assemble a more tech-
nically-oriented handbook, based on best available
information and practices, to assist technical staff in

the planning and implementing of a TSP project in
their own community.

This handbook, prepared for the U.S. DOT, has
four objectives:

* To outline a comprehensive process for plan-
ning and implementing TSP, based on a
systems engineering approach, that identifies
many of the issues that may need to be
addressed in a TSP project

* To provide more extensive information on the
current state of the practice of TSP in North
America

* To document a number of case studies of com-
munities that have implemented TSP in order to
highlight the variety of issues that arise and
solutions that have been developed

% To provide a number of resources to those
interested in TSP, including primers on traffic
control equipment and systems, on key con-
cepts (e.g. simulation and optimization), as well
as on traffic engineering and transit terminolo-
gy, to assist transit planners and traffic
engineers in understanding one another

TSP can range from simple applications to very
complex multi-technology and multi-jurisdictional
programs. This handbook does not provide all of
the technical solutions to actually carry out a do-it-
yourself TSP project. An array of various kinds of
technical expertise is needed to plan and deploy
sophisticated technological solutions for integrating
the simultaneous requirements of both transit and
traffic engineering. However, the handbook does
provide, based on best existing practice, extensive
insight into the steps required and the issues that
may need to be addressed during the planning and
implementation of a TSP project or program.

Transit Signal Priority Handbook % 3




1.2 Audience

This paper draws upon the existing body of knowl-
edge embodied in the experiences and perspectives
of practitioners. Anyone interested in TSP is encour-
aged to read the previously mentioned document,
An Overview of Transit Signal Priority, to obtain an
initial understanding of TSP This handbook is intend-
ed for the more technically-oriented transit and traf-
fic engineering management and staff members
who wish to gain insight into the experiences with
TSP in order to prepare for the planning and imple-
mentation of a TSP project or program.

TSP involves the development of a technical solu-

tion that includes both transit vehicles and systems,

USING THIS DOCUMENT:
HOW TO AVOID BEING OVERWHELMED

This handbook is a reference that contains a
large collection of information for a diverse

audience. Itis divided into three parts.

Part I — TSP Implementation — This part out-
lines the steps needed to implement a suc-
cessful TSP project. It is based on a sys-
tems engineering approach which is

straightforward and logical.

Part IT — State of the Practice — This part
describes what is actually in the field.
Most of the information was gathered

through extensive surveys and interviews.

Part III — Technical Assistance — This part pro-
vides good background information on
traffic control equipment and software, and

pertinent traffic and transit terminology.

The appendices contain a variety of valuable
resources including:

* References

* Glossary

* Full case studies and surveys outlining TSP

experience from across North America.

Throughout the document you will find boxes
containing Key Questions. We hope these
boxes will add to your knowledge base and will

help you on your way to TSP implementation.

and traffic control equipment and their respective
systems. In order to succeed, TSP must involve a
partnership of transit and traffic engineering staff,
and this document provides balanced information to
both the transit and traffic engineering communities
in order to enhance their knowledge about the pos-
sible benefits, alternative approaches, and issues
concerning TSP This broader knowledge will
encourage better understanding among these com-

munities and more effective TSP initiatives.

2

BACKGROUND ON TRANSIT
SIGNAL PRIORITY (TSP)

2.1 What is TSP and What Are
its Objectives?

TSP is an operational strategy that facilitates the
movement of transit vehicles (usually those in-serv-
ice), either buses or streetcars, through traffic-signal
controlled intersections. Although signal priority
and signal pre-emption are often used synonymous-
ly, they are in fact different processes. While they
may utilize similar equipment, signal priority modi-
fies the normal signal operation process to better
accommodate transit vehicles, while pre-emption
interrupts the normal process for special events
such as an approaching train or responding fire

NTCIP2 STANDARDS DEFINE TRAFFIC SIGNAL

PREEMPTION AND PRIORITY AS FOLLOWS:

Preemption: Per NTCIP 1202 Version 2, the transfer of the nor-
mal control (operation) of traffic signals to a special signal control
mode for the putttrpose of servicing railroad crossings, emergency
vehicle passage, mass transit vehicle passage, and other special
tasks, the control of which requires terminating normal traffic

control to provide the service needs of the special task.

Priority: The preferential treatment of one vehicle class (such as a
transit vehicle, emergency service vehicle or a commercial fleet
vehicle) over another vehicle class at a signalized intersection with-
out causing the traffic signal controllers to drop from coordinated
operations. Priority may be accomplished by a number of methods
including the beginning and end times of greens on identified
phases, the phase sequence, inclusion of special phases, without
interrupting the general timing relationship between specific green

indications at adjacent intersections.

2 National Transportation Communications for Intelligent Transportation Systems Protocol (NTCIP)

4 * Transit Signal Priority Handbook



engine. Objectives of emergency vehicle pre-emp-
tion include reducing response time to emergen-
cies, improving safety and stress levels of emer-
gency vehicle personnel, and reducing accidents
involving emergency vehicles at intersections. Light
rail systems are also often equipped with pre-emp-
tion at grade crossings or intersections to reduce
accidents. On the other hand, objectives of TSP
include improved schedule adherence and improved
transit travel time efficiency while minimizing
impacts to normal traffic operations.

2.2 TSP Benefits and Costs

Expected benefits of TSP vary depending on the
application, but include improved schedule adher-
ence and reliability and reduced travel time for
buses, leading to increased transit quality of serv-
ice. Potential negative impacts consist primarily of
delays to non-priority traffic, and these delays have
proven to be minimal. Experiences from prior
deployments generally indicate bus travel time sav-
ings on the order of 15% (depending on the exiting
signal delay) with very minor impacts on the overall
intersection operations. However, substantial vari-
ability exists in the nature of deployments and mag-
nitude of impacts. At the end of this Handbook
there are a number of case studies which demon-
strate the commonalities and differences in TSP
deployments. Costs are dependent on the configu-
ration of the system, with somewhat higher costs
associated with signal upgrades, equipment/soft-
ware for the intersection, vehicles, or the central

Key Questions:

WHAT ARE THE QUANTIFIABLE BENEFITS OF TSP?

There are many. Case studies revealed the following:

* In Tacoma, WA the combination of TSP and signal optimization reduced transit signal delay about

40% in two corridors.

* TriMet (Portland, OR) was able to avoid adding one more bus by using TSP and experienced a 10%

improvement in travel time and up to a 19% reduction in travel time variability. Due to increased reli-

ability, TriMet has been able to reduce scheduled recovery time.

* In Chicago PACE buses realized an average of 15% reduction (3 minutes) in running time. Actual

running time reductions varied from 7 to 20% depending on the time of day.

* With the implementation of TSP and through more efficient run cutting, Pace (Chicago) was able to

realize a savings of one weekday bus while maintaining the same frequency of service.

* Los Angeles experienced up to 25% reduction in bus travel times with TSP.

HOW DO WE DEAL WITH POTENTIAL DISRUPTION OF TRAFFIC AND

SYNCHRONIZATION?

Most agencies will not grant TSP at the same intersection in which TSP has just been granted until the sig-

nals are back in synchronization. That usually takes one or two cycles. Some agencies report that synchro-

nization is never disrupted because TSP steals a small number of seconds from the non-priority street green

and therefore stays in sync with the corridor.

It was uniformly reported that the impact to the non-priority street flow was extremely small or imperceptible.

The number of seconds taken from non-priority street green is so small, it is rarely noticed.
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PART I

management system. Many TSP systems have
been implemented without costly upgrades.
Because costs can be substantially affected by the
desired functionality, comparisons with other TSP
systems with different capabilities should be con-
sidered with caution.

Given these excellent benefits, one might wonder
about potential detriments. Does TSP cause prob-
lems and disruptions? That, in fact, is a key question,
especially for traffic engineers who are rightly con-
cerned about potential negative impacts on the traffic
system. TSP deployments from around the country
report uniformly that there is very little disruption to
traffic flow. In fact, because so many cities included
signal re-timing in their TSP projects, traffic flow
became smoother and delays were reduced.

FIGURE 1:
TRANSIT PRIORITY AT TRAFFIC SIGNALS - A SIMPLIFIED REPRESENTATION

2.3 Key Components of TSP System

TSP systems may involve the interaction of four
major elements, the transit vehicle, transit fleet man-
agement, traffic control, and traffic control manage-
ment. These four sub-systems are then enhanced
with four functional applications of vehicle detection,
priority request generation (PRG), priority request
server (PRS), and TSP control. Or more specifically:

* Detection - A system to deliver vehicle data,
(location, arrival time, approach, etc.) to a device
that is routed to a Priority Request Generator.

* Priority Request Generator/Server - A system
to request priority from the traffic control sys-
tem and triage multiple requests as necessary.

* Priority Control Strategies - A traffic control sys-
tem software enhancement (ideally more ver-
satile than pre-emption) that provides a range

The general steps involved in providing
priority are as follows:

* The bus approaching the intersection is detect-
ed at some point Pd upstream of the intersec-
tion (various detection methods exist).

* The Priority Request Generator unit is notified
of the approaching bus and alerts the traffic
control system that the vehicle would like to
receive priority. The system processes the
request and decides whether to grant priority
based on defined conditions. The traffic con-
troller C then initiates action to provide priority
based on the defined priority control strategies.
Typically, if the intersection signals are already
displaying a green phase for the approach being
used by the bus, the controller will extend the
length of the green phase to enable the bus to
pass through the intersection on that phase. If
the intersection signals are displaying a red
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phase on the bus approach, the controller will
shorten the green phase on the cross street
(e.g., truncate the red phase) to provide an ear-
lier green phase for the bus approach.

* \When the bus passes through the intersection,
clearance is detected by the bus detection sys-
tem Pc and a communication is sent to the
traffic controller that the bus has cleared the
intersection.

* On being notified that the bus has cleared the
intersection, the controller C restores the nor-
mal signal timing through a predetermined
logic.

Derived from O'Brien, W. “Design and Implementation of Transit
Priority at Signalized Intersections: A Primer for Transit Managers
and a Review of North American Experience” Canadian Urban

Transit Association STRP Report 15, Toronto, Canada, 2000, p.31.



"TSP Control Strategies” that address the func-
tional requirements of the traffic jurisdiction.

* TSP System Management — Incorporates both
traffic and transit TSP functions in both the tran-
sit management and traffic control manage-
ment that can configure settings, log events,
and provide reporting capabilities.

The concepts of Priority Request Generator (PRG)
and Priority Request server (PRS) and their various
configurations in a system architecture are dis-
cussed in more detail in Part |ll.

2.4 Potential TSP Control Strategies

Transit Signal Priority can be implemented in a vari-
ety of ways including passive, active and adaptive
priority treatments as discussed below:

2.4.1 Passive Priority

Passive priority does not require the hardware and
software investment of active and adaptive priority
treatments. Passive priority operates continuously,
regardless, based on knowledge of transit route and
ridership patterns, and does not require a transit
detection / priority request generation system. In
general, when transit operations are predictable
with a good understanding of routes, passenger
loads, schedule, and/or dwell times, passive priority
strategies can be an efficient form of TSP One
such passive priority strategy is establishing signal
progression for transit. In this application, the sig-
nal timing plan would account for operational char-
acteristics such as the average dwell time at transit
stops, or considering that dwell times are highly
variable, use as low a cycle length as possible. For
example, in Denver the signal system uses cycle
lengths based on the travel speed of the buses on
the Denver Transit Mall so that the buses can stay
in sync with the signals and so that the cross
streets can be coordinated across the mall.

Since the signals are coordinated for the flow of
transit vehicles and not other traffic, other traffic
may experience unnecessary delays, stops, and
frustration (i.e., phone calls to the signal operators).

3 NTCIP 1211 Definition of Priority

Therefore, the volume of traffic parallel to the TSP
movements should also be considered with a tran-
sit signal progression approach. It is important to
note that other “passive” improvements may also
be of benefit to transit. Operational improvements
to signal timing plans, such as retiming, reducing
cycle lengths, or coordinating signals on a corridor,
may improve traffic flow and reduce transit travel
time as well. Simply timing the intersection to min-
imize person delay, as opposed to vehicle delay,
would be considered a passive strategy.

2.4.2 Active Priority

Active priority strategies provide priority treatment
to a specific transit vehicle following detection and
subsequent priority request activation. Various

types of active priority strategies may be used if

available within the traffic control environment.

A green extension strategy extends the green time
for the TSP movement when a TSP-equipped vehi-
cle is approaching. This strategy only applies when
the signal is green for the approaching TSP-
equipped vehicle. Green extension is one of the
most effective forms of TSP since a green exten-
sion does not require additional clearance intervals,
yet allows a transit vehicle to be served and signifi-
cantly reduces the delay to that vehicle relative to
waiting for an early green or special transit phase.

An early green strategy shortens the green time of
preceding phases to expedite the return to green
(i.e., red truncation) for the movement where a TSP-
equipped vehicle has been detected. This strategy
only applies when the signal is red for the approach-
ing TSP-equipped vehicle.

Generally early green and green extension strate-
gies are available together within TSP enhanced
control environments but are not applied at the
same time. By definition3 a “TSP" capable signal
controller providing an early green or green exten-
sion will not negatively effect coordination.

The following Active strategies are generally avail-
able in most traffic control environments and may
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not require a sophisticated “TSP enhanced” con-
troller per NTCIP 12114 definition.

Actuated transit phases are only displayed when a
transit vehicle is detected at the intersection. An
example would be an exclusive left turn lane for
transit vehicles. The left turn phase is only dis-
played when a transit vehicle is detected in the
lane. Another example would be the use of a
queue jump phase that would allow a transit vehi-
cle to enter the downstream link ahead of the nor-
mal traffic stream. A queue jump phase shows a
signal (such as a white bar) that is intended for the
transit vehicle only and allows the transit vehicle to
move ahead of the rest of the traffic that is waiting
for a green at the intersection. An application might
be the location of a nearside bus bay; the queue
jump phase allows the bus to re-enter the main-
stream lane before the general traffic is given a
green phase to move forward.

When a special priority phase is inserted within the
normal signal sequence, it is referred to as phase
insertion. The phase can only be inserted when a
transit vehicle is detected and requests priority for
this phase. An example would be the insertion of a
leading left-turn-only phase for transit vehicles
entering an off-street terminal on the opposite side
of the street.

The order of signal phases can also be “rotated”
(i.e., phase rotation) to provide TSP For example, a
northbound left-turn phase could normally be a lag-
ging phase, meaning it follows the opposing
through signal phase. A northbound left turning bus
requesting priority that arrives before the start of
the green phase for the through movement could
request the left-turn phase. With the phase rotation
concept, the left-turn phase could be served as a
leading phase in order to expedite the passage of
the transit vehicle.

2.4.3 TSP Operating in Real-Time

There are subtle differences between TSP with
Adaptive Signal Control Systems and Adaptive
Signal Priority, as described below. These are very
sophisticated and complex systems and therefore
not yet common. They provide a level of traffic con-
trol beyond what most of us experience today, but
they are possibly the wave of the future.

Although an Adaptive Signal Priority built on top of
an adaptive signal control system may offer more
benefits, Adaptive Signal Priority does not have to
be built on top of an adaptive signal control system.
The work conducted in NCHRP Project 3-66° shows
that Adaptive Signal Priority can be achieved upon
the closed-loop system, although additional efforts
are needed to address the insufficiency, incapability
or inflexibility of traffic detection means, communi-
cation and signal controllers employed in the
closed-loop system.

The priority strategies such as early green, green
extension and phase insertion listed under the catego-
ry of Active Priority apply to adaptive systems as well.

2.4.3.1 TSP with Adaptive Signal Control Systems

TSP with Adaptive Signal Control Systems pro-
vides priority while simultaneously trying to opti-
mize given traffic performance criteria. Adaptive
Signal Control Systems continuously monitor traffic
conditions and adjust control strategies. When
using Adaptive Signal Control Systems, it is possible
to take into account person delay, transit delay,
vehicle delay, and/or a combination of these criteria.
To take advantage of Adaptive Signal Control
Systems TSP would typically require early detection
of a transit vehicle in order to provide more time to
adjust the signals to provide priority while minimiz-
ing traffic impacts. Adaptive systems combined
with TSP also may require the ability to update the
transit vehicle’s arrival time, which can vary due to
the number of stops and traffic conditions. The
updated arrival time can then be fed back into the
process of adjusting the signal timings.

4 See NTCIP Standards Bulletin BO096 from the Joint AASHTO/ITE/NEMA Committee on the NTCIP, dated August 16, 2004 and found at

http://www.ntcip.org/new/NTCIP_1211_SB.pdf#search="ntcip%201211

5 National Cooperative Highway Research Program — Project 3-66, FY 2002, Traffic Signal State Transition Logic Using Enhanced Sensor Information:

http://wwwd.trb.org/trb/crp.nsf/All+Projects/NCHRP+3-66
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2.4.3.2 Adaptive Signal Priority

Adaptive Signal Priority is a strategy that takes
into consideration the trade-offs between transit
and traffic delay and allows graceful adjustments of
signal timing by adapting the movement of the tran-
sit vehicle and the prevailing traffic condition.

Typically, an adaptive TSP needs to have the follow-
ing components: 1) a detection means that allows
accurate prediction of bus time-to-arrival to the inter-
section in real-time when vehicle is within a speci-
fied range 2) traffic detection system; 3) a signal
control algorithm that adjusts the signals to provide
priority while explicitly considering the impacts on
the rest of the traffic and ensuring pedestrian safety;
4) vehicle to infrastructure communication links; pri-
ority request generator(s) (PRG), a priority request
sever (PRS) and a control system with real-time sig-
nal timing strategies to facilitate adaptive TSR

The rest of the Handbook will focus on the applica-
tion of active priority systems to transit vehicles in
mixed traffic.

A SYSTEMS ENGINEERING
3 APPROACH TO TSP

3.1 Systems Engineering Approach

TSP projects range significantly in their level of
complexity. At their simplest, one can implement
the insertion of a left-turn phase, actuated by a bus
loop, that helps bus turning movements. At their
most complex, a TSP program may involve the follow-
ing: technological integration with a comprehensive
transit ITS project (e.g. GPS, AVL, customer informa-
tion systems, etc.); technological integration with
EMS pre-emption; sophisticated conditional priority
based on varying conditions of schedule adherence,
complex communications from transit vehicle to con-
troller via both the transit and traffic centers; multiple
technological controller interfaces; and implementa-
tion involving a multiplicity of jurisdictions. It is clear

that the project management requirements for a TSP
project will vary greatly between these two extremes.

Irrespective of the size and complexity of the TSP
project, it is important to use a systematic approach
to the planning and implementation process. This
Handbook recommends an approach that is consis-
tent with good systems engineering, and is required
by U.S. DOT for any federally funded ITS project®.

The proposed steps are:
1. Planning
2. Design
3. Implementation
4. Operations and Maintenance
5. Evaluation, Verification, Validation and
Building on TSP

Each of these steps is discussed in the following
sections focusing in particular on the TSP-specific
aspects of each of these standard systems engi-
neering steps. The issues identified are based on
information gathered from the in-depth case studies
of successful TSP implementations in North
America and from telephone interviews (full text is
found in the Appendices), as well as from multiple
discussions with experts.

3.2 Simplified Process for TSP at
Isolated Intersections
The discussion of the steps involved in the planning
and implementation of TSE and the issues that may
arise, has been structured to be as comprehensive as
possible. It is worth noting however that a simple
form of TSP can be used very effectively to address
significant bus delay at isolated intersections.
Examples include:

* The insertion of left-turn phases, actuated by bus
detection, at major arterial intersections,

* The use of green extension or red truncation,
actuated by buses emerging from minor cross
streets (such as from residential subdivisions)
onto major arterials, where standard timings for

6 For those interested in more information on ITS Systems Engineering, the ITS Professional Capacity Building (PCB) Program of the U.S.
DOT has initiated a curriculum, entitled the ITS/SE Series, which is comprised of systems engineering courses designed for professionals
involved in the implementation of advanced technologies for transportation: http://www.pcb.its.dot.gov/brochures/ITS_SE.htm

Another useful reference is entitled Building Quality Intelligent Transportation Systems Through Systems Engineering, prepared by Mitretek
Systems Inc. for the ITS Joint Program Office of US DOT in 2002: http://www.its.dot.gov/JPODOCS/REPTS_TE/13620.html
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PART I

Key Question:

WHAT ARE THE STEPS FOR PLANNING AND IMPLEMENTING A TSP SYSTEM?

TSP Project Planning
*  Needs Assessment [Why TSP?]

L

TSP Project Design

Stakeholders: Roles and Responsibilities [Who is to be involved?
Concept of Operations (ConOps) and Requirements Document

|
[What will TSP do?|

Corridors and Intersections [Where will TSP be implemented?]
Technology Alternatives Analysis and System Architecture [How will TSP work?]

*  Detailed Data Collection and Inventory of Traffic Control System

Detailed Design and Engineering for Central Control and Communications

*
*  Systems Components
*

Detailed Design and Engineering by Intersection Detailed Design and Engineering of On-Board

Equipment

*

Optimization and Preparation of Timing Plans

*  Use of Micro-Simulation Model to Design TSP Control Strategy in Special Cases

TSP Project Implementation
% Procurement

* Installation

%  Verification and Validation

Operations and Maintenance

*  Ongoing Performance Monitoring and Management

*  Procedures to Ensure System is Operating

%  Maintenance

Evaluation, Verification, Validation and Building on TSP

*  Evaluation Study
*  Ongoing Data Collection

*  Building on TSP Benefits through Transit Scheduling

low volume minor streets results in excessive
delay for buses,

% The insertion of special bus-actuated bus-only
turning phases for buses entering or exiting off-
street terminals, etc.

In such cases, if the existing controller has the capa-
bility, the inclusion of relative simple TSP functionality
actuated by simple bus detection (e.g. embedded
loops in left-turn lanes or strobe emitters) can be a rel-
atively straightforward initiative, not requiring consult-
ant involvement or lengthy process for planning, pro-
curement, installation, etc.
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TSP PROJECT
4 PLANNING

4.1 Introduction to TSP

Project Planning
Transit Signal Priority (TSP) is a tool, and how it is
applied can vary tremendously:

* |t can be used as a straightforward tool to
address significant delay experienced by transit
vehicles at isolated intersections.

* |t can be used to improve transit travel times
and reliability along an entire corridor.

* It can be combined with other tools, proce-
dures, and technologies to create a whole new



Key Question:
HOW DOES TSP RELATE TO AND ENHANCE BRT?

BRT is generally associated with a whole package of improvements including the combining of physical and
signal priority measures (e.g. reserved bus lanes and TSP) with modified service attributes, such as increased
stop spacing, enhanced stop design, level boarding, increased frequency of service, enhanced customer infor-
mation (both on-board and at stops), new service control procedures (e.g. headway management rather than
scheduled time points), attractive branding, exclusive lanes, etc. TSP is just one component in this toolbox.
If traffic signals are slowing buses, TSP is an obvious tool for speeding them up. Although many cities have
implemented TSP without BRT, few have implemented BRT without TSP.

transit product line, as in the case of Bus
Rapid Transit (BRT).

* |t can be integrated system-wide with other ITS
systems to deploy region-wide conditional TSP
and pre-emption for EMS vehicles.

4.1.1 Regional and Corporate Goals

To create a well functioning transportation system,
all transportation projects should be consistent with
regional goals. Isolated projects can actually disrupt
the transportation system and confuse drivers and
transit passengers who have expectations of a
smooth and seamless transportation system. As a
practical point, a project that is consistent with
regional and corporate goals is an “easier sell” In
the absence of the support that consistent goals
lend, it is hard to get a project off the ground.

Regional transportation goals are established by the
local Metropolitan Planning Organization (MPO),
Council of Government (COG), traffic agency or
other regional or local authorities. They should be
listed in regional planning documents, the Regional
Transportation Plan, the Transportation Improvement
Program, the regional ITS architecture, etc. If you
are uncertain of what the regional transportation

goals are, or where they can be found, you may be
able to find them with a web search using keywords
like regional+transportation+goal+yourcity or your-
county, or by contacting the agencies listed above.

If you want to champion a TSP project and you are
in a region that does not have "Transit First” or tran-
sit-friendly goals, you may want to work to establish
more transit-friendly goals in your region. However,
a web search of regional transportation goals
revealed that virtually every region has stated some
transit-friendly goals such as:

#* Minimise adverse environmental impacts
% Provide adequate mobility for all persons
* Be cost-effective

* Provide for efficient travel

* Integrate various modes of travel

These goals as well as broad and sweeping goals
like “improving air quality” or “increasing mobility”
(to which it is difficult to imagine opposition) can be
the basis for initiating a TSP project. TSP projects
(when applied to corridors or intersections in which
transit vehicles are experiencing delays due to traffic
signals) are proven to improve transit service, which
leads to increased mobility and improved air quality.

Key Question:

HOW DOES TSP FIT IN WITH REGIONAL INTEGRATION AND PLANNING?

TSP should fit into the goals and objectives that have been outlined for your region. If improving mobility
through bus service is a priority for your region, you will want to conduct a study (which could be an in-
house study) to determine what you need to do to improve bus service. If you would like to decrease transit
travel times or increase transit reliability, and you determine through a Needs Assessment that traffic signals
are slowing down your bus service, you will want to consider implementing TSP. As you begin to plan for
TSP you will need to engage the regional stakeholders. You, along with your regional stakeholders, will

work together to ensure that TSP is integrated into regional plans.
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In addition to helping to meet regional goals, TSP
projects should be consistent with corporate goals.
That is to say the TSP projects should be consistent
with the goals of the transit agency, traffic agency,
and the affected jurisdictions. Consistency with
these goals is needed for the same reasons as the
consistency with regional goals. This consistency
will help produce a smoother transportation system
and will make the TSP project a much easier sell.
Hopefully, the traffic agencies and jurisdiction have
adopted transit-friendly goals similar to the goals
mentioned above. Again, remember that a simple
goal such as “increased mobility” is a transit-friend-
ly goal. More specific goals such as “reduce inter-
section delay,” “improve corridor travel time,”
“reduce transit operating cost” are especially sup-
portive of TSP These goals can be met with a num-
ber of objectives such as reducing travel time,

Key Questions:

improving reliability, staying on schedule, maintain-
ing transit headways, improving efficiency, and
improving person throughput.

It is therefore important, prior to launching a TSP
project, to identify pertinent regional and corporate
goals in the local context, and to assess to what
extent they support TSR and alternatively to what
extent TSP addresses these goals.

4.1.2 TSP as it Relates to the Regional ITS
Architecture and Other Transit ITS Projects

TSP can be a stand alone system, or it can be inte-
grated with a wide variety of other ITS projects (e.g.
transit AVL, EMS pre-emption, etc.) As a result, the
regional ITS architecture is an important resource and

ARE THERE EXISTING PLANS FOR AN AUTOMATIC VEHICLE LOCATION
(AVL) SYSTEM, AND IF SO, ISTSP TO BE INTEGRATED WITH THE AVL
SYSTEM, AND THE ITS REGIONAL ARCHITECTURE?

There are many potential advantages for integrating the TSP and AVL systems. For example, this enables
the possibility for lateness conditionality, as mentioned before. It opens up an expanded set of technological pos-
sibilities for the PRG/PRS system and for data collection, which is a major concern for TSP systems. However,
it also greatly increases the complexity of the project, and will inevitably introduce major delays for TSP

deployment. There are many facets to this question that need to be assessed based on local considerations:

* the urgency of implementing TSP,

* the status of the AVL project,

* the stated I'TS priorities within the regional ITS architecture,

* the relative risks associated with stand-alone versus integrated projects,
* technological options available under different timeframes,

* the ability to integrate an existing TSP system into a future AVL system, etc.

The question of integrating TSP and AVL is very complex and all transit systems considering both AVL
and TSP will need to grapple with it. The outcome of this process should then be incorporated into the

I'TS regional architecture.

ARE THERE PLANS TO PROVIDE EMS VEHICLES WITH SIGNAL
PRIORITY/PRE-EMPTION?

Although the connection between AVL and TSP is obvious to transit agency staff, it is equally important to
ascertain whether EMS pre-emption/pre-emption is being planned and whether any transit TSP project will
need to be integrated with any existing or planned EMS initiative. This needs to be determined at the outset

because it will affect objectives, stakeholders to be involved, technological choices, and design engineering.

The regional ITS architecture may provide an answer to this question, or it may have to become a key point

of discussion in defining the TSP project’s goals.
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it will be important to review this document. If this
document has been fully developed, it should provide
guidance on numerous pertinent issues, including:

* the role of TSP and its priority,

* the stakeholders that will need to be involved,

* the status of other transit ITS, traffic engineer-
ing, and EMS pre-emption projects,

* funding priorities,

* projects in the pipeline,

* etc.

If it does not address these issues, the updating of
the regional ITS architecture will need to be includ-
ed as a task in the TSP project.

4.1.3 Regional and National ITS
Architecture Conformity

The National ITS Architecture was developed to provide a
unifying framework for ITS infrastructure deployment to
ensure that technologies can work together smoothly and
effectively. The National ITS Architecture and Standards
Final Rule issued on January 8, 2001 requires that ITS prof-
ects funded by the Highway Trust Fund and the Mass
Transit Account conform to the National ITS Architecture,
as well as to U.S. DOT adopted ITS Standards.”
Specifically, most State departments of transportation and
metropolitan areas are required to develop a regional ITS
architecture using the National ITS Architecture as a
resource and to use a systems engineering approach for
developing TS projects. The deadline for completing a
regional ITS architecture is April 8, 2005.8

The National ITS Architecture and Standards Final
Rule means that:

* Regions currently implementing ITS projects
must have a regional ITS architecture in place in
four years. Regions not currently implementing
ITS projects must develop a regional ITS archi-
tecture within four years from the date their
first ITS project advances to final design.

* TS projects funded by the Highway Trust Fund
and the Mass Transit Account must conform to
a regional ITS architecture.

* Major ITS projects should move forward based
on a project level architecture that clearly reflects
consistency with the National ITS architecture.

* Projects must use U.S. DOT adopted ITS stan-
dards as appropriate. To date, the U. S. DOT
has not adopted any ITS standards, and a for-
mal rulemaking process will precede any U.S.
DOT ITS standard adoption.

% Compliance with the regional ITS architecture
will be in accordance with U.S. DOT over-
sight and Federal-aid procedures, similar to
non-ITS projects.

4.1.4 Standards (NTCIP and TCIP)

The transportation industry has recognized a need to
provide voluntary standards to help reduce costs and
decrease risk in TSP implementations. Without stan-
dards public agencies are sometimes hesitant to pur-
chase equipment because they are not sure if it is
compatible with existing equipment and software
and because they might be “locked into” the same
vendor in the foreseeable future. Standards will
allow procurements of TSP hardware and software
without concern for compatibility and will help open
the market place for competition and price reduction.

The ITS traffic standards come under the umbrella
of National Transportation Communications for ITS
Protocol (NTCIP). From www.ntcip.org we find:

The NTCIP is a family of standards that pro-
vides both the rules for communicating
(called protocols) and the vocabulary (called
objects) necessary to allow electronic traf-
fic control equipment from different manu-
facturers to operate with each other as a
system. The NTCIP is the first set of stan-
dards for the transportation industry that
allows traffic control systems to be built
using a “mix and match” approach with
equipment from different manufacturers.
Therefore, NTCIP standards reduce the
need for reliance on specific equipment
vendors and customized one-of-a-kind soft-

7Us Department of Transportation, Federal Highway Administration, ITS Architecture Implementation Program, web page
http://www.ops.fhwa.dot.gov/its_arch_imp/asflyer.htm as of March 9, 2005.

8 Source: US Department of Transportation, Federal Highway Administration, Facilitating Intelligent Transportation Systems Deployment, web
page http://ops.fhwa.dot.gov/aboutus/one_pagers/its_deploy.htm as of March 9, 2005.
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ware. To assure both manufacturer and
user community support, NTCIP is a joint
product of the National Electronics
Manufacturers Association (NEMA), the
American Association of State Highway and
Transportation Officials (AASHTO), and the
Institute of Transportation Engineers (ITE).
The NTCIP originated as the National
Transportation Communications for
Intelligent Transportation System (ITS)
Protocol (NTCIP).9

This NTCIP data dictionary defines the
management information base for Signal
Control and Prioritization (SCP) systems
through parameters that represent the
configuration, status, and control informa-
tion. NTCIP 1211 defines the functional
entities of a Priority Request Generator
and a Priority Request Server, which
respectively originates and performs triage
on requests. After performing triage in
terms of importance and priority, the
requests are sent to the Coordinator entity
in a Traffic Signal Controller.

NTCIP 1211:

* defines data elements used for information

management and operations of signal control

prioritization (SCP).

* organizes functional requirements and user
requirements, and contains scenarios and
use cases. The NTCIP SCP WG invented the
functional entities of a “Priority Request
Generator” and a “Priority Request Server,’
which respectively originates and performs
triage on requests. After performing triage in

terms of importance and priority, the requests

are sent to the Coordinator entity in a Traffic
Signal Controller.

* includes the management of multiple
requests for priority or preferential treatment
of different classes of vehicles, such as tran

vehicles. This SCP standard defines a method
of granting priority to one signal while main-
taining coordination with adjacent intersections.

* is intended to work in conjunction with the
coordination object definitions and functions
defined in NTCIP 1202, Object Definitions for
Actuated Signal Controllers.

* The NTCIP 1211 was developed by the Joint
NTCIP-TCIP Signal Control and Prioritization (SCP)
WG. The WG is chaired by Ron Atherley
(Seattle/King County Metro). The SCP Working
Group purpose is to develop objects to control
traffic signal systems in priority applications.10

In addition to NTCIP standards which are being
developed for and by the traffic industry, Transit
Communications Interface Profiles (TCIP) are being
developed for and by the transit industry. One of the
business areas of TCIP is TSP A DRAFT report by the
TCIP Technical Working Group on TSP states in part:

As the public transit vehicle (PTV) operates
on its trips it may encounter intersections
that are equipped to provide priority treat-
ment to PTVs (e.g. early green, extended
green, phase rotation) to allow the PTV to
operate more efficiently. Equipped inter-
sections and agreeing on acceptable
strategies for TSP requires extensive coor-
dination between transit agencies, traffic
management, and traffic engineering.
Although a Priority Request Generator may
request priority treatment; the traffic man-
agement system is not obliged to, and
may not, grant it.

Commentary: The TCIP TSP business area
draws heavily from dialogs, data and con-
cepts defined in NTCIP 1211. This includes
the Priority Request Generator (PRG).
Priority Request Server (PRS), and all items
defined in TCIP beginning with ‘SCP". . .

sit, emergency service, and commercial fleet

9 Source: The National Transportation Communications for ITS Protocol ONLINE RESOURCE... http://www.ntcip.org/info/default.asp as of
May 24, 2005.

10 Source: The National Transportation Communications for ITS Protocol ONLINE RESOURCE...
http://mww.ntcip.org/library/standards/default.asp?documents=yes&qgreport=no&standard=1211 as of May 24, 2005.
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Priority Request Generators may consider
any or all of the following in creating a pri-
ority request (based on data available to
the PRG at the time the request

is generated):

* Business Rules

* Schedule Adherence Status of PTV

* Time of Day

* Equipment Type at Intersection

* Passenger Loading on PTV

* Scheduled time for PTV's current trip to

arrive intersection (many agencies do not
schedule to this level)!

The TCIP information above comes from a "“draft
Standard intended for review by the TCIP Technical
Working Groups and other interested industry par-
ties. It has not been approved and does not reflect
APTA or U.S. DOT policy." 12

All standards are voluntary but as stated above, the
National ITS Architecture and Standards Final Rule
issued on January 8, 2001 requires that ITS proj-
ects funded by the Highway Trust Fund and the
Mass Transit Account conform to the National ITS
Architecture, as well as to U.S. DOT adopted

ITS Standards.!3

Those who are interested in implementing TSP will
want to stay abreast of the status of emerging
NTCIP and TCIP

4.1.5 Relations between Transit and
Traffic Staff

TSP can only be implemented through a solid part-
nership of the transit and traffic agencies respective
staff. This requires a continuous dialogue and solid
working relationship. Unfortunately, it is all too
common to observe a total lack of communications
between transit and traffic agency staff, for a variety
of reasons:

* Their institutional structures are often divergent

with transit operating an independent (often
regional) authority, and traffic staff being part of
city, county or state departments, with few rea-
sons to interact.

* Their focus is often different (vehicle versus
people movement), as are their respective
objectives. Some successful TSP implementa-
tion jurisdictions have reached agreement that
greater people movement (transit) reduces
vehicles (traffic) and therefore benefits both.

* Their training, common tools, and professional
terminology are also different.

Nonetheless, to succeed, TSP requires a solid part-
nership. In many instances, the TSP projects repre-
sent the first time transit and traffic staff work
together, and therefore require the cautious building
of a relationship. The more solid the relationship is
before the initiation of a TSP project, the easier it
will be to pursue, as will other projects such as
physical priority measures. Building such a partner-
ship at the outset will help ensure the success of
planning and implementing TSP

4.1.6 Traffic Engineering Support

TSP projects vary considerably in their complexity.
However, with the exception of very simple deploy-
ments at isolated intersections, or in very large agen-
cies with deep expertise in all areas, it is likely that
external consultant expertise will be required at some
point in the process of planning and implementing
TSP It may be valuable as part of the local “pre-plan-
ning” assessment to review what expertise exists
locally, and where external expertise may be required.

Potential external support may involve one or more
of the following activities:

* Needs Assessment

* Evaluation and recommendation of where to
deploy TSP (e.g. specific corridors and intersec-
tions) to meet project criteria

* Baseline (“before”) studies for general traffic
and transit conditions and delay

* Detailed intersection inventory and assessment

1 5.3.4.2.6 Transit Signal Priority (TSP), APTATCIP-S-001 D2.6.1, APTA DRAFT Standard for Transit Communications Interface Profiles.

Document referenced May 25, 2005.

12 pid.

18 ys Department of Transportation, Federal Highway Administration, ITS Architecture Implementation Program, web page
http://www.ops.fhwa.dot.gov/its_arch_imp/asflyer.htm as of March 9, 2005.
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* Pre-TSP signal optimization and development of
signal timing plans

* Development/calibration of simulation models
for special assessments

* Detailed TSP timing plans for each intersection

* Technical support for field equipment installa-
tion (PRG, PRS, controller upgrades, con-
troller connections)

* "After” data collection

% Evaluation study

* Periodic reviews of performance

4.2 TSP Project Planning

The first phase of the TSP project or program is
planning. At its heart, this phase is designed to
answer a number of key questions concerning the
structuring of the project, including:

* WhyTSP?

* Who is to be involved?

* What will TSP do?

* Where will TSP be implemented?
* How will TSP work?

4.2.1 Needs Assessment [WWhy TSP?]

The first step is to assess the need for TSP There
are a variety of methods for conducting the Needs
Assessment, depending on local practices in project
justification. A comprehensive Needs Assessment
might provide an evaluation of:

* the potential benefits of TSP

* an assessment of feasibility,

* an initial assessment of costs and budget
requirements, and

* the potential business case (benefits versus
costs) for a TSP project / program. This could
include a Return on Investment (ROI) analysis.

It is clear that such an evaluation will depend on the
information available. If there is considerable uncer-
tainty concerning how to scope the project (both
technologically and geographically) and who will be
involved, or insufficient information to conduct a
meaningful benefit / cost analysis; then it may be
necessary to first perform a broad high-level Needs
Assessment, and prepare a the business case later
on the project, once the Concept of Operations
(ConOps) has been structured, and technology
choices have been made.
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The following provides some thoughts about infor-
mation needed for the Needs Assessment.

4.2.1.1 Potential Benefits: Traffic Signal Delay and
its Impact on Transit Travel Times and Reliability

Benefits that are directly related to corporate goals
can be measured and evaluated more easily than
generic benefits. For example, if the corporate poli-
cy objective is to increase transit modal share, we
know, based on industry experience, that by
improving transit travel times (relative to car travel
times) we will increase transit’s modal share. If the
primary objective is to decrease costs to the transit
agency and/or taxpayer, we need to ask ourselves a
guestion (create a goal) that will help yield a meas-
urable benefit concerning costs.

We can begin our assessment of traffic signal delay
and its impact on transit travel times and reliability
by taking field measurements or analyzing appropri-
ate reports. Most transit systems do not have good
information on the impact of traffic signal delay on
their operations.

Transit planners need to ask questions such as:

* |s there measurable delay or unreliability due to
traffic signals?

% How much delay could we save on a particular
route by providing TSP?

* Has the cost (capital and operating) of intersec-
tion delay and congestion to the transit system
been calculated?

* Have transit schedulers been consulted about
the locations and extent of intersection delay?

% Has data on intersection bus delay already
been collected?

* If not, are alternative approaches/sources avail-
able to collect time-distance data and measure
intersection delay (for example, current
AVL/APC systems can provide distribution of
running times by route segment, by time of
day, and day-of-week that can be used to
measure vehicle speed and intersection delay)?

Answering these questions and assessing the mag-
nitude of intersection delay will be the basis for
assessing the potential benefits that may be
derived from TSP Posing the questions in a quan-



tifiable format will make it possible to measure
the benefits.

4.2.1.2 Transit and Traffic Data Collection

At the same time, in order to assess the costs of a
TSP project and its feasibility, background informa-
tion will need to be collected concerning the traffic
control systems in pertinent jurisdictions. Examples
of information to collect include:

* Initial survey of applicable traffic control and
communications systems

% Characteristics of traffic control systems by
jurisdiction (e.g. centralized, distributed, coordi-
nation, communication links, use of loops, EMS
pre-emption, etc.)

* Types of controllers in use (or planned) by juris-
dictions (and prevailing standard if any), and
TSP compatibility

* Status of optimization of timing plans (time of
day, areas, peak direction)

In addition, data related to bus operations will need
to be collected, including:

* Capacity/level of service by time of day for
major intersections along bus corridors

* |dentification of any saturated intersections
along major bus corridors

* Data on extent and impact of intersection delay
on buses

At some point, detailed traffic data on intersection
delay and queues will have to be collected. For the
purposes of this model process, this data collection
effort can take place during the “before” study of the

Design phase. However, if the scope and location of
the planned TSP deployment is known from the outset,
then it may be feasible (and cost-effective) to collect
that data during the initial Needs Assessment step.

Depending on the scope of the TSP project, it may
be feasible to collect the background information
through an in-house study in which technicians or
planners observe and record pertinent informa-
tion. There is no magic formula for the number
of days this information should be collected or
the times of day, but it is generally agreed that
traffic data should be collected at high traffic
times. Therefore, the best days of the week are
usually Tuesday through Thursday and best times
might be AM and PM peak hours. This depends
on local circumstances.

4.2.1.3 TSP Project/Program Costs -
Preliminary Assessment

The next step is to use the background information
on the traffic control system as a basis for estimat-
ing the costs of implementing TSP The background
information will indicate whether existing traffic
control software and controllers are TSP-compatible
or not. The need to upgrade or replace traffic soft-
ware and controllers is a critical issue to consider,
since it represents the most significant cost items
in the observed TSP projects. If existing software
and controller equipment can be used, costs can be
under $5,000 per intersection but rise to $20,000-
$30,000 per intersection if traffic control equipment
and/or systems need to be replaced.

Key Question:

ARE THERE PLANS TO UPGRADE OR REPLACE THE TRAFFIC CONTROL
SYSTEM AND/OR TRAFFIC CONTROLLERS?

TSP by definition involves the integration of vehicle detection and action taken by the traffic control sys-

tem. A major hurdle identified in many case studies was the inadequacy or lack of capability of the traffic
controllers and/or of the traffic control software to actually receive priority requests and to be able to grant
priority. The review of traffic equipment and software in Part I1I illustrates the complexity of this issue. In
many cases, TSP can only be implemented by upgrading or replacing traffic control software and/or conr-
toller equipment. It is critical that transit system staff interested in implementing TSP make themselves
aware of the status of any plans related to the various traffic control systems in pertinent jurisdictions, so
that the efforts can be integrated. This might include development of a standardized contoller for the
region that may be initiated by the state DOT (e.g. Portland). I may be difficult or cost-prohibitive to intro-
duce TSP after the fact.
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The more specific the scope of the TSP project is
from the outset, the more realistic can be the esti-
mate of costs. Major cost elements include:

* Equipment - Detection/PRG (on-board or wayside)

* Equipment (PRS/interface to controller) and
controllers (if required)

* Equipment - Communications

* TSP software (and traffic control system soft-
ware if required)

* Installation and construction (if required)

* Traffic Engineering (traffic data collection, simu-
lation, optimization, timing plans)

* Evaluation Studies (Before/After)

* Development Work (if required)

The costs can vary dramatically depending on the
type of project and the extent to which field equip-
ment must be upgraded. The traffic engineering
staff should be able to give the team a good idea of
the cost of upgrading the traffic equipment, if
upgrading is required.

If the scope of the project is not yet determined,
then the cost analysis can only be done at a high
level, using ballpark assumptions. [The case studies
in the Appendices provide some insights into actual
experience with TSP costs.]

4.2.1.4 TSP Project/Program — Needs
Assessment and Business Case

The above information on benefits and costs can in
turn be used to assess the benefit cost ratio, return
on investment, or other methodology used locally to
evaluate capital investment decisions. The previous
estimate of costs also provides a first cut at budget-
ary requirements. This can then be used to assess
potential sources of funding, and to develop the
necessary process for budgeting, programming,
and securing funding.

4.2.2 Stakeholders: Roles and Responsibilities
[Who is to be Involved?]
4.2.2.1 Identifying Stakeholders

The stakeholders will become the team that makes
the TSP project happen. The old adage “a stitch in
time saves nine” applies well to the stakeholder
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process. In the early stages of project develop-
ment, it seems unnecessary and counterproductive
to involve all the stakeholders. After all, it is much
easier to accomplish any task in which there are no
differing opinions. But later in the process, the
value of early stakeholder involvement will become
patently obvious. Stakeholders represent areas in
which help is needed throughout the planning,
design, procurement, installation, operation, and
maintenance periods. Stakeholders also represent
groups that can assist or bog down and even stop a
project. The best way to ensure full implementation
and operational success is to involve all the stake-
holders in the beginning. Stakeholders who help
define a project possess the irreplaceable feeling of
ownership, and usually become the “Champions”
of TSP for their agency.

The stakeholders will include representatives from
the traffic departments of every jurisdiction in which
you wish to have TSR and representatives from
every transit agency that will participate in TSP if it
is a regional initiative. If you wish to integrate with
EMS, you will need to bring in stakeholders from
fire, emergency medical services, and police agen-
cies as well. Many agencies have found that it is
helpful to include representatives from the state and
county departments of transportation, and metropol-
itan planning organization(s) (MPO) or councils of
government (COG), in particular if they are the stew-
ards of the regional ITS architecture. The extent of
your stakeholder involvement will depend on the
scope of your project and the players necessary to
ensure funding, implementation, and maintenance.

Stakeholders internal to the transit agency include
one or more representatives from planning, sched-
uling, administration, equal opportunity, contracts
and procurement, risk assessment, quality assur-
ance, operations, maintenance, finance and budget,
engineering, IT, training, public affairs, and any other
department or division that may be impacted by the
project, or involved in its procurement. It may be
useful to create in some cases sub-committees in
order to focus the energy and involvement of some
internal stakeholders on specific issues (e.g. pro-
curement, training, publicity). Early involvement
helps shape the project in ways that encourage
stakeholders to find value in it and that allow stake-
holders to understand the project and their role in it.



The importance of this early involvement really can-
not be overstated. Many projects stumble or fail
because of internal misunderstandings and turf bat-
tles. These stumbling blocks often can be avoided
with early stakeholder involvement.

If the TSP project is complex, in addition to gather-
ing the local stakeholders, it may be advantageous

ning. If you do not get a good response, you may
need assistance. You will know better how to make
that happen in your region. Perhaps you can enlist
the help of regional players who have some influ-
ence. The president of your ITS State Chapter or
your local ITE Section may be able to help. To get the
interest of the traffic department, you may have to
offer an incentive such as the potential for upgraded

to create a peer review team from around the coun-  or new traffic signal controllers for the department.
try. U.S. DOT will provide assistance to grantees,
and ITS America will help members create such a Generally, internal and external stakeholder meet-
team. The lead agency could use resources listed ings will be held separately because the two groups
in this book including the case studies and the tran-  have a different focus. The first meeting of the
sit survey forms to form a team. The peer review stakeholders groups will set the tone for future
team can help review RFP’s, bids, proposals, and meetings. As with all well planned meetings, invita-
also answer questions by phone and e-mail. tions should be sent several weeks in advance

clearly stating:

4.2.2.2 Managing Stakeholders * Meeting purpose
* Meeting location with directions
* Agenda

% Start and end time

The first step in managing stakeholders is to identi-
fy the players and invite them to a meeting. You
may have a high response rate right from the begin-

Key Question:

WE HAVE TO DEAL WITH MANY JURISDICTIONS. HOW DO WE GET THE
STAKEHOLDERS TOGETHER?

There is no one way to build the professional relationships necessary to get the stakeholders to the table. In
some areas, other projects have paved the way for cooperation. In other areas, the TSP champion had to
start from scratch — trying to establish relationships between and among agencies that have historically been
antagonistic because they have competed with one another for funding. Some have found that building
relationships through local organizations such as ITE Sections and I'TS State Chapters has helped bring
people together for a common goal. Some organizations have hired professional facilitators to help lead
visioning and/or planning sessions. One TSP champion says, “Never underestimate the power of stopping

by the traffic engineer’s office with a box of doughnuts.”

In order to get “buy-in” from the traffic department, the transit agency may have to offer an incentive such
as offering to fund a traffic study involving the re-optimization of signal timings, or upgrading or buying

new traffic signal controllers for the department.

In other words, building relationships for the purpose of completing TSP projects is no different from
building relationships in all other aspects of life. It takes a willingness to step forward and offer the hand of
cooperation for the greater good. If all else fails, the I'TS architecture points out that all stakeholders need
to be at the table to discuss I'TS project implementation. You may be able to get some support or ideas from
your Metropolitan Planning Organization (MPO), Council of Government (COG), federal DOT represen-

tative, or I'TS America.

Check the case studies at the end of this book to see how other implementers answered the question, “What

were the institutional barriers?” and “How did you overcome them?”
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PART I

% Any materials or preparation needed

* Contact information for the person setting up
the meeting

* A request to respond to the invitation

The meeting should start and end on time, begin
with a statement of purpose and introductions of all
participants, and end with action items, next steps,
and the date for a follow-up meeting if necessary.
A signup sheet should be circulated and someone
should be assigned the responsibility for taking
notes. Action items should be assigned to specific
participants with specific deadlines. If a meeting
ends without any action items, it is a good indica-
tion that the meeting was unnecessary and could
have been handled with a mailing (e-mail or other
form); or that the meeting was not conducted well
and therefore was not concluded as planned.
Following the meeting, notes or minutes should be
distributed to all participants and should reiterate
action items, deadlines, next steps, and the next
meeting date and location.

These ideas are presented to make the planning
easier, not to add complication. Use your own judg-
ment and remember that all is not lost if the above
outline is not followed.

4.2.2.3 Project Management

Regional TSP projects are often made complex
because of the multiple jurisdictions and agencies
that need to be involved. The more complex the
institutional setting for the project, the more critical
is the project management function. Some of the
issues that will need to be addressed include:

* |dentification of Project Lead (champion)

* Definition of TSP planning project team and
respective roles, responsibilities, and expec-
tations

* Management of communications
among stakeholders
¢ Ground rules for communications, includ-

ing roles for dissemination of internal
information to an agency’s non-project
team members.
¢ Meeting frequency
¢ Notification of operating changes
¢ Milestones
#* Memorandum of Understanding / interagency
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agreements for planning, funding, installation,
and ongoing maintenance (routine and non-rou-
tine). Agreements should also state when,
how, and how much priority will be granted.

* Integration with regional transportation plan-
ning and planning requirements

* Linkage to the Regional ITS Architecture

* Linkage to other Transit ITS projects

* Integration with traffic control system upgrades

* |dentification of pertinent experience with
TSP in the region, state, or nationally on
which to draw

* External consultant support requirements
(what, when, and how?)

Depending on the complexity of the project, you
may want to bring in more engineering expertise at
any point along the way in the planning or design
process. Some TSP projects can be completed
using only in-house expertise with assistance from
stakeholders. Other projects may require hiring
outside expertise early on.

4.2.3 Concept of Operations (ConOps)
and Requirements Document
[What will TSP do?]

With an understanding of regional and corporate
goals, and an understanding of the need for and ben-
efits of TSR, the stakeholders can develop a ConOps,
which defines what the TSP system will do.

4.2.3.1 TSP Project Goals, Objectives, and Vision

The first step is to have the stakeholder team define
the goals and objectives of the proposed TSP project.

* Goals that have been stated in various TSP proj-
ects include:
% Improve travel times or reliability system-wide.
* Improve air quality by encouraging modal shift
* Improve travel time along strategic corridors
through the combined use of different
priority measures
* Create new BRT product line

Examples of more specific objectives include:
% Reduced excessive transit delay at
particular intersections
* Reduced excessive transit delay along
particular corridors



Key Question:

ARE OTHER PRIORITY MEASURES TO BE EVALUATED AND IMPLEMENTED
ALONG WITH TSP?

If a goal is to improve transit travel times, a variety of other measures could be considered, evaluated, and

possibly simultaneously implemented along with TSP, including:

* Increased bus stop spacing

* Updating signal timing plans

* Passive priority (retiming for signal progression for transit vehicles)
* Physical priority in traffic flow (separated bus lane)

* Reserved bus lanes

* Parking removal or prohibitions

* Turning prohibitions for general traffic with exemptions for transit
* Queue jumps

* Bus Bulbs (for stopping in-lane)

* Yield-to-Bus legislation

* Off-board fare collection

* Use of low floor buses

* Raised platforms for level boarding

In Europe and New Zealand, one frequently observes the combination of various priority measures (physi-
cal and signal) along strategic corridors that are renamed as “red routes” or “green routes”. In other com-
munities (e.g. Ottawa), a systematic effort is made to reduce transit delays at intersections by all measures
short of signal priority, before introducing TSP. The transit system needs to assess to what extent a combi-

nation of measures can be implemented in an integrated fashion because this would be more effective over-

all, but would also change the nature of a TSP project or program.

* Improved reliability (schedule adherence or
headway management)

* Improved efficiency (reduction in buses and
labor required)

% Improved person throughput (person vs. vehi-
cle-based philosophy)

* Improve signal timings for main street
general traffic

* Minimize impact on general traffic on
intersecting streets

Having defined the goals and objectives, it may be
useful to define a TSP Program Vision Statement that
can help articulate the reasons for implementing TSP
and the scope of the program. It is also helpful in
labeling, defining, and communicating the program.

The amount of potential funding will determine the
extent and scope of the project. The vision may call
for a much larger project than that which can be
funded. In that case the project can be implement-
ed in phases as funding becomes available. The
case studies that are included in this handbook will

give you an idea of what size project can be funded
with the amount of money available.

Frequently, the vision and scope statement are craft-
ed by the project champion or a task force formed
from the stakeholders. The scope and vision would
then be brought to the larger stakeholder groups for
consensus. The funding agency will have final
authority, but consensus among stakeholders can
help move the project more smoothly.

4.2.3.2 Measures of Effectiveness (MOE)
Resulting from Objectives

Using the revised objectives, the stakeholder team
can identify the MOEs related to the objectives.
The MOEs will be important later on, when the
project is evaluated. You want to choose MOEs that
are meaningful and that help you determine
whether you have met your stated goals. To find
that a project is not meeting the goals you had
hoped to meet is not necessarily a failure, but
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PART I

Key Question:

WHAT IS MORE IMPORTANT FOR THE TRANSIT SYSTEM TO OBTAIN THROUGH
TSP: IMPROVED TRAVEL TIME OR IMPROVED SERVICE RELIABILITY?

To the extent that improved service reliability is a critical objective, and that the variability entails both early
and late running buses, then priority should only be granted “conditionally” based on vehicle schedule adher-

ence (or headway interval). This serves to assist late buses and reduce the variability of buses running ‘hot’.

However, a requirement to grant priority based on a determined lateness condition requires a mechanism for
continuously monitoring schedule adherence (or headway interval in cases where “headway management” is
the basis of service control). An Automatic Vehicle Location (AVL) system can perform this function (e.g.
Portland or Vancouver), or it can be structured through a sophisticated central traffic control system (e.g. Los
Angeles). The information on conditionality will also need to be conveyed to the PRG/PRS system, increas-
ing the communications requirement. In any case, a requirement for a “lateness conditionality” will result in

a more sophisticated system and have strategic implications for the structuring of the TSP project/program.

On the other hand, if the goal is to simply decrease travel time, the system can grant priority to each bus
that arrives at an equipped intersection within certain parameters. Those traffic system-related priority
request criteria (e.g. recovery) allow the engineers to be more aggressive with the signal timing, since each
bus is not requesting priority. Recovery generally takes one or two cycles. After the signals have recovered,

they will grant priority to the next bus that arrives. This type of priority can be handled with signal soft-

ware and does not require AVL, and therefore is much simpler and less costly to implement.

rather a new understanding of what works in cer-
tain situations. No matter how well the project
meets goals, a good evaluation will give you infor-
mation to help you decide future actions.

MOQOEs that have been used in TSP projects include:

* Reduced travel time for buses

* Reduced stop and signal delay for buses

* Reduced variability in operations or schedule
adherence for buses

* Reduced recovery time at end of run

* Fuel savings

* Air quality benefits

% Reduced operating resources required

* Number of signal cycles to clear a queue
before/after granting TSP

% Reduced queue on mainline

* Minimal delay to other vehicles

* Reduced accidents (pre-emption)

* Decreased travel time of emergency
vehicles (pre-emption)

% Public response

4.2.3.3 TSP Concept of Operations (ConOps)

Having defined the goals and objectives of the TSP
project / program, and the MOE's that result from
these objectives, the stakeholders will need to review,
discuss, and define the actual ConOps. This will define
what the stakeholders want the system to be able to
do from the users’ point of view, and how it should
function. The ConOps will later be used to define func-
tional requirements and guide the choice of technology.

The Concept of Operations will clarify what the system will
do from the users' point of view, and how it will be used.
This will include a description, at a high level, of the major
entities within the TSP system, the flows of information
among those entities and to entities external to the sys-
tem, the high-level capabilities of the system, and the main
daily operational occurrences for the system, in particular
through the definition of operational scenarios. There are
various approaches to articulating operational scenarios,
including the use of flow diagrams, or a more narrative
approach, as in a “day in the life of the system..."14

14 Building Quality Intelligent Transportation Systems Through Systems Engineering, prepared by Mitretek Systems Inc. for the ITS Joint
Program Office of US DOT in 2002: http://www.its.dot.gov/ JPODOCS/REPTS_TE/13620.html

22 * Transit Signal Priority Handbook



In order to define the ConOps, stakeholders will
have to examine and decide on a wide range of ele-
ments of the system that will define the system
and how it operates.

Examples of system elements that will need to be
defined might include:

*  Centralized versus distributed control
* Integration with EMS pre-emption (Yes/No)

* Request Generator (PRG) conditionality
requirment (Yes / No)

*  If required, basis of conditionality:

¢ Type of service (express or local)
¢ Schedule adherence
¢ Headway management

%  Active Priority strategy choices

¢ green extension

¢ early green (red truncation)

¢ actuated transit phase (access, egress
from off-street terminal)

¢ phase insertion (e.g. queue-jump)

¢ phase rotation

¢ phase skipping

% TSP Control Strategy Parameters (by intersection)

¢ Extension time

¢ Truncation time

¢ Phase insertion points

¢ Intersecting transit corridors (and rules for
PRG/PRS, if yes)

¢ Ability to use different levels of “low" priority

*  Detection distance capability

%  Check-in / Check-out mechanisms
*  Traffic control system conditions

¢ Handling of coordination

¢ Windows in cycles for priority requests —
frequency and duration

¢ Recovery process (e.g. lock out of
requests, other)

¢ Jurisdictional Rules

¢ Data to be collected

Determining the actual combination of operational
functionalities and characteristics that best meet
local requirements of the stakeholders may take
considerable discussion and iterations.

The ConOps should also include an explanation of
how the TSP project will be integrated with any perti-
nent traffic systems and procedures and EMS pre-
emption requirements, as well as with transit systems
and procedures. As discussed, this should also include
consideration of the relationship of TSP implementation
to any existing plans to modify/ upgrade/replace traffic
control equipment and systems.

Having decided on the above key elements of the
TSP system, a ConOps Document can be prepared
and describe, based on the decisions made by the
stakeholders, the TSP system and how it will func-
tion, as well as the operational and support environ-
ments that complete the picture of the TSP concept
of operations. Elements to be included in the docu-
ment include high-level descriptions of:

Key Question:

HOW MUCH PRIORITY CAN BE GRANTED?

This depends on many variables, including cycle length, complexity of phases, traffic on intersecting streets,
protection of minimum clearance times for pedestrians, accuracy of check-out mechanism, etc. This will be
the subject of considerable discussion between stakeholders. In addition, standard times granted for exten-
sion/truncation will have to be tailored to the specific conditions at individual intersections. The case stud-

ies in the Appendices provide examples.

However, once agreed upon, it is important to have this agreement on how much priority is to be granted for-
mally documented in the Memorandum of Understanding or Interagency Agreement. In some jurisdictions,
the seconds of priority granted (mysteriously) diminish over time and the TSP project is left with granting lit-
tle actual priority. This can be avoided by having a written agreement that will help clarify expectations for

the transit agency and traffic engineers, combined with an ongoing data collection/monitoring system. These

mechanisms will be especially valuable as original participants are replaced by newcomers over time.
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* Operational procedures describing what the users,
and system components are performing, and under
which specific conditions,

(i.e. the operational scenarios),

* Equipment necessary for the system to be
operational (e.g. signal controllers, loops, vehi-
cle detectors, on-board equipment, etc.),

* Hardware necessary for system deployment,

* Software necessary for system operations,

* Interfaces with other ITS systems,

* Personnel necessary to operate and maintain
the system,

* Facilities necessary to meet the needs of the
fully functional system, in particular if TSP is to
be combined with other priority measures (e.g.
relocated bus stops, bus bays, turn lanes, etc.),

* Other support necess